Experimental
A Hitachi Model Z-8000 flame and graphite furnace atomic absorption spectrometer with an optical temperature controller system (OTC) (Hitachi Model 180-0341) was used. The atomic absorption spectrometer was modified in our laboratory to allow signals and temperature profiles to be registered with a time constant of 20 ms by using an Oki if-800 Model 50 personal computer. The details of the temperature calibration of graphite tube have been reported elsewhere. 4 The standard atomizer conditions are given in Table 1 .
The effect of 02 addition into the inner gas in the charring stage on the absorption signal for lead was studied by a Hitachi Model Z-8200 under atomizer conditions: dry, 100 -170° C 30 s, 200 ml min 1; charring, 800°C 45 s, 200 ml min-1; atomizing, 3000°C 10 s (OTC on-mode), 30 ml min 1; cleaning; 3000° C 4 s, 200 ml min'. A 10% 02 mixture was used for 40 s in the charring stage.
The analytical wavelength and slit width used were 283.3 nm and 1.3 nm, respectively. An automatic sampler of 20 µl was used. Each measurement was done 5 times. A commercially available stock solution of Pb (Wako Pure Chemical Industry Ltd.) was diluted with water to a suitable concentration before use as a standard solution. Reagents for matrix used were a commercially available material of reagent grade (Wako Pure Chemical Industry Ltd.). Table 2 gives the decomposition temperatures (Td) of matrices used, the melting point of metal oxidess and the appearance temperature (Tape) of lead (1 ng) in the presence of 2.tg as metals of each matrix. Main decomposition reactions of nitrates and sulfates are:
Results and Discussion
The values of Td are lower than those of Tapp and the melting points of metal oxides are much higher than those of Tapp. The relative value of integrated absorbance of lead at various charring temperatures with and without each matrix (2 µg as metals) was measured. The results are shown in Fig. 1 , where other conditions were the same as the standard atomizer conditions. In the absence of matrix, absorbance begins to decrease at a temperature of 900 K, but in the presence of zinc, copper, magnesium, aluminum, nickel and cobalt nitrates, absorbance begins to decrease at a temperature of 1120±20 K, which is close to the melting point of lead oxide (1159 K).5 Salomon et al. reported that the value of Tapp increased with increasing partial pressure of oxygen in the inner gas.6 The positive effect of nitrate matrix on absorbance was also observed.6 This positive effect may result from a decrease in the vaporization loss of lead due to an increase in oxygen partial pressure produced by thermal decomposition of the matrix: when the effect of 02 addition into the inner gas during the charring stage on the sensitivity of lead was examined, the absorbance was found to be 19% higher than that obtained without 02. The charring temperature effect for sulfate was different from that for nitrate: in the presence of magnesium and aluminum sulfates, the temperature at which absorbance begins to decrease was higher than that in the presence of their nitrates; significant interference was also observed. In the presence of zinc, copper, nickel and cobalt sulfates, although the temperature was similar to that in the presence of their nitrates, a difference was observed in the dependence of absorption on charring temperature. Figure 2 shows plots of the relative value of integrated absorbance vs. Tapp with various amounts of matrix under the standard atomizer conditions. Significant interference was observed in the case of matrices such as magnesium, aluminum, nickel and cobalt sulfates while it was not observed for the matrices of zinc and copper sulfates. The order of degree of interference was A12(S04)3>MgSO4>CoSO4>NiSO4>CuSO4 and Zn504. The degree of interference varied inversely with the standard enthalpies of formation of each sulfide except for zinc: the enthalpy values in kJ moL1 are -723 for A1253, -346 for MgS, -82.8 for CoS, -81.9 for NiS, -53 .1 for CuS and -206 for ZnS.5 In the presence of Table 2 Decomposition temperatures (Td) for various nitrates and sulfates, melting points for oxides and appearance temperature (Tapp) (Arrhenius activation energies (Ea) calculated for desorption of lead are also given.)
Ea is given in kcal mol-'. nickel and cobalt nitrates, the absorbance remained constant up to the Tapp value of 1500 K, while in the present of their sulfates a negative effect was observed above the Tapp of 1350 K which is close to the melting point of lead sulfide (1387 K).5 Thus, it can be said that the negative effect results from vaporization loss of analyte as a gaseous species, such as lead sulfide.
In order to investigate the effect of sulfate matrix on the rate-determining step for atomization of lead, Arrhenius activation energies for 1 ng of lead in the presence of 2 µg as metals of various matrices were estimated by Chung's equation. ' The results are summarized in Table 2 . Although there is negligible difference in the activation energy between nitrate and sulfate for zinc, cobalt, copper and magnesium, a significant difference in the activation energy was observed for nickel and aluminum.
The lead signals were measured in the presence of various quantities of nickel and aluminum nitrates.
The value of Tapp changed but the activation energy remained constant: 1370 -1520 K and 66±2 kcal mol-1 for 0.2 -200 µg of Al, and 1330 -1500 K and 53±2 kcal moh1 for 0.2 -20 µg of Ni, respectively.
These results show that the change in the quantity of oxide does not affect the activation energy.
The activation energies for lead in the sulfates were close to the dissociation energy of lead-sulfur bonding (82 kcal moL1).5 This supports an assumption of the formation of lead sulfide.
In conclusion, the interference from sulfate on the lead signal is due to the formation of lead sulfide, which is more volatile than lead oxide, leading to decreased sensitivity.
